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The Numbers of Lipolytic Bacteria in Various 
Dairy Products, as Determined With 
Nile,Blue Sulfate! 
By B. W . HAMMER AND M. A. COLLINS 
The lipolytic bacteria in milk, cream ahd butter are of in-
tE'rest from the standpoint of the development of defects in 
these products. Presumably, rancidity is the most important 
of such defects, although since many of the lipolytic bacteria 
also attack constituents of milk other than fat, additional de-
fects may be involved. Comparatively little attention has 
been given to the numbers of lipolytic ' organisms in various 
dairy products, because methods of determining these organ-
isms have not come into such common use as have the methods 
of determining proteolytic and acid-forming organisms. 
STATEMENT OF PROBLEM 
The work herein reported deals with the numbers of lipolytic 
bacteria in various dairy products, as determined with nile-
blue sulfate. In connection with the studies on butter, par-
ticular attention was given to the relationship of these organ-
isms to rancidity. 
HISTORICAL 
The action of bacteria on ' fat has been noted by various in-
vestigators. 
Escherich (3), in 1886, considered that neutral fats are split 
into glycerol and free fatty acids by numerous bacteria. 
Browne (1) believed that rancidity could be brought about in 
butter but not in pure butterfat by microorganisms. Schreiber 
(13)' reviewed the results of various investigators, such as Som-
maruga (14), Reinmann (10) and Rubner (12), on the changes 
produced in fat by microorganisms. From this review and his 
own studies, Schreiber concluded that: (a) Pure butter fat by 
itself is not a food for microorganisms; (b ) a number of bac-
teria which occur in nature have the ability, in the presence of 
food and oxygen, not only to split fat but to destroy it; (c) the 
breakdown of fat is the more rapid the finer the fat is emulsi-
fied, and (d) the splitting of fat by bacteria and molds is 
greatly limited by anaerobic conditions. 
Orla-Jensen (9) carried out extensive studies on the ran-
cidity of butter. H e emphasized that the changes in the fat of 
butter fall into two groups, oxidative and hydrolytic, and 
1 Project 119 of the Iowa Agricultural Experiment Station. 
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pointed out the relationship of various investigations to these 
two processes. He also listed a number of organisms which, 
under ordinary conditions, induce rancidity in butter. 
The susceptibility of oleic acid to bacterial action was 
ascribed by Haag (4) to the double bond; he concluded that 
bacterial action on free fatty acids is dependent on chemical 
and not physical properties. 
The relationship of microorganisms to rancidity in butter 
was emphasized by Collins (2), who concluded that although 
there was at first a rapid increase in bacteria as rancidity de-
veloped in butter, there was later a progressive and rapid de-
velopment of rancidity concurrent with a rapid decrease in the 
numbers of bacteria. These conclusions suggest the importance 
of enzymatic or chemical action in the later stages of the defect. 
While certain investigators have studied the fat-splitting 
ability of some of the common organisms, others have isolated 
organisms that seem to be of importance primarily because of 
their fat-splitting ability. Lafar (8) isolated two species of 
bacteria, BactM·ittm btttY1·i co lloideum and Bacillus butyri 
fluor·escens, which he found produced rancidity in butter when 
inoculated into the cream. Rogers (11) isolated a Torula which. 
had a weak but distinct lipolytic action. H uss (6) secured a 
lipolytic organism from milk. Hussong (7) showed the rela-
tionship of Pseudomonas fmgi to rancidity in butter. His re-
sults indicated that at 21 0 C. the organism increased rapidly in 
unsalted butter and brought about a rancid condition in as short 
a period as 4 days. The development of the condition was ac-
companied by a rapid increase in the amount of free acid in 
the butter. Pseudomonas fmgi was found widely distributed in 
milk, cream and other dairy products. 
Hood and White (5) found that the introduction of unde-
sirable bacteria into the milk used for cheese caused typical 
rancid flavors. 
The various plating media for the detection of lipase-pro-
ducing bacteria were investigated by Turner (15). He con-
cluded that the nile-blue sulfate medium used gave remarkable 
sharpness of differentiation and a high degree of sensitivity. 
METHODS 
NILE-BLUE SULFATE MEDIUM 
The nile-blue sulfate medium consisted of beef infusion agar 
containing nile-blue sulfate and dispersed fat. -
A 0.1 percent aqueous solution of nile-blue sulfate was 
added to beef infusion agar (pH 6.8-7.0) in the proportion of 
10 ml. to 100 ml. of the agar and the agar then put into tubes 
or flasks and sterilized. The fat was emulsified in 0.5 percent 
agar solution in the proportion of 10 ml. of fat to 90 ml. of the 
agar and the mixture sterilized. When plates were to be 
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poured, agar containing nile-blue sulfate was melted and the 
fat emulsion added to the hot agar in the proportion of 1 rol. 
to 20 ml. of the agar; the mixture was allowed to remain bot 
for a few minutes to intensify the color of the fat and then 
cooled and used for plates. Butterfat was the fat commonly 
used, but occasionally beef tallow or cottonseed oil was em-
ployed. Comparisons indicated that various natural fats gave 
essentially the same results. 
NUMBERS OF TOTAL AND LIPOLYTIC BACTERIA 
The total numbers of bacteria were determined with beef in-
fusion agar or the nile-blue sulfate medium, and the numbers 
of lipolytic bacteria with the nile-blue sulfate medium ; the in-
cubation was 3 days at 21 0 to 23 0 C. 
PREDOMINANT SPECIES OR MORPHOLOGIC TYPE 
In some instances the predominant lipolytic organism on a 
set of plates was identified or was recorded on the basis of 
morphologic type. 
SAMPLING BUTTER 
The usual procedure in sampling butter for bacterial counts 
was to remove a portion with a sterile spatula so as to include 
both surfare and subsurface material. 
RESULTS OB'l'AINED 
NUMBERS OF LIPOLYTIC BACTERIA IN CERTAIN DAIRY 
PRODUCTS. AS DETERMINED WITH NILE-BLUE SULFATE 
RAW, FRESH MILK AND RAW, SWEET CREAM 
The numbers of total and lipolytic bacteria in raw, fresh 
milk and in raw, sweet cream were determined with 20 sam-
ples of milk and 20 samples of cream from individual farms. 
The data secured are presented in table I. 
With the milk the total numbers of bacteria ranged from 
3,000 to 1,520,000 per ml., while the numbers of lipolytic bac-
teria varied from less than 100 to 30,000 per ml. Four of the 
samples had 100,000 or more total bacteria per mi., and 7 had 
1,000 or more lipolytic bacteria per mi. For the 11 samples 
in which lipolytic bacteria were detected, the percentages of 
the total bacteria that were lipolytic varied from 1.0 to 66.7 
percent; only 1 sample had more than 10.0 percent. With the 
cream the total numbers of bacteria ranged from 20,000 to 
120,000,000 per mi., and the numbers of lipolytic bacteria from 
less than 1,000 to 3,000,000 per ml. Seven of the samples had 
more than 10,000,000 total bacteria per ml. , and 5 had more 
than 1,000,000 lipolytic bacteria per mi. In the 16 samples in 
which lipolytic bacteria were detected the percentages of the 
total bacteria that were lipolytic ranged . from 0.2 to 
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TABLE 1. NUMBF.RS OF TOTAL AND LfPOLYTIC BACTERIA IN RAW, FRESH 
MILK AND RAW, SWEET CREAM 
Nile-blue sulfate medium 
Milk Numbers of bacteria per rol. Percentage 
Sample or of lipolytic 
no. cream bacteria 
Total Lipolytic 
1 milk 100 , 000 < 100 
2 milk 46 ,000 <100 
3 milk 5,000 <100 
4 milk ,18,000 2,000 4.2 
5 milk 3.000 < 100 
6 milk 7,900 300 3.8 
7 milk 45,000 30,000 66.7 
8 milk 276,000 <100 
9 milk 45,000 1.600 3.6 
10 milk 11 ,200 <100 
11 milk 1,520,000 <100 
12 milk 6,900 200 2.9 
13 milk 27 , 000 300 1.1 
14 milk 140 ,000 11 ,000 7.9 
15 milk 40 , 000 400 1.0 
16 milk 45,000 <1,000 
17 milk 51,000 1 , 000 2.0 
18 milk 62 , 000 2,000 3.2 
19 milk 8,000 <100 
20 milk 32 , 000 3 , 100 9.7 
21 cream 6,000,000 250,000 4.2 
22 cream 1 ,950,000 210,000 10.8 
23 cream 15, 000,000 3 ,000,000 20.0 
24 cream 1 ,600 , 000 60,000 3.8 
25 cream 61.000 < 1 ,000 
26 cream 219,000 3,000 1.4 
27 ('ream 1 ,590,000 100 , 000 6.3 
28 cream 4 ,400 , 000 370,000 8.4 
29 cream 210,000 < 10 ,000 
30 cream 14 , 000 ,000 210,000 1.5 
31 cream 1 ,600 ,000 130,000 8.1 
32 cream 4 , 060,000 800,000 19 . 7 
33 cream 27,000,000 2,800,000 10.4 
34 cream 20,000 < 1 ,000 
35 cream 37 , 000 ,000 1 ,870,000 5.1 
36 cream 120 ,000 < 10 , 000 
37 cream 360,000 20,000 5.6 
38 cream 16 , 100 ,000 1 ,560 ,000 9.7 
39 cream 120 , 000 , 000 300,000 0.2 
40 cream 80 ,000 , 000 1, 300,000 1.6 
20.0 percent, with only 4 of the samples having more than 10.0 
percent. 
From the data obtained it is evident that lipolytic bacteria 
were common in the raw, fresh milk and the raw, sweet cream 
examined. There was no close relation between the numbers 
of total and of lipolytic bacteria but,,in general, the high total 
bacterial counts secured on th e Cl'cam wcre accompanied by 
much larger numbers of lipolytir bacteria than wel'e thc com-
paratively low total counts secured on the milk; this suggests 
that there was a definite increase in the numbers of lipolytic 
organisms in the cream. 
UNSALT ED, RAW CREAM BUT'.rER HELD AT 6 ' C. 
Seventeen samples of unsalted, raw cream butter that had 
been held at 6° C. were studied for the numbers of total and 
lipolytic bacteria present. Small quantities of cream from indi-
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vidual farms were churned in sterile jars and the butter 
washed with sterile water, worked, packed and stored at 6° C. 
The first examinations were made after 7 days and the second 
after from 30 to 42 days. Table II gives the results secured. 
At the first examination most of the samples showed flavor 
defects, and 11 were more or less rancid. The numbers of total 
bacteria ranged from 216,000 to 119,000,000 per ml., and the 
numbers of lipolytic bacteria from 56,000 to 8,600,000 per ml. 
Twelve of the samples had more than 10,000,000 total bacteria per 
ml., and 8 had more than 1,000,000 lipolytic bacteria per ml. At 
the second examination 13 of the samples were rancid. The total 
numbers of bacteria then ranged from 350,000 to 20,000,000 per 
ml., while the numbers of lipolytic bacteria varied from less 
than 10,000 to 5,500,000 per ml. Only 2 of the samples con-
tained more than 10,000,000 total bacteria per ml., and only 5 
had 1,000,000 or more lipolytic bacteria per ml. All of the sam-
ples containing more than 1,000,000 total bacteria per ml. at 
the first examination showed striking decreases at the second 
examination, while 3 of the 4 samples that contained less than 
1,000,000 total bacteria per ml. at the first examination showed 
increases. The lipolytic bacteria decreased in numbers with 
most of the samples, although with 2 samples that had low 
TABLE II. NUMBERS OF TOTAL AND LIPOLYTIC BACTERIA IN UNSALTED. 
RAW CREAM BUTTER HELD AT 6° C: 
Nile-blue sulfate medium 
First examination- 7 days Second examination- 30 to 42 days 
Sample -----
no. IN umbers of bacteria per m!. N umbers of bacteria per ml. 
Flavor Flavor 
Total Lipolytic Total Lipolytic 
1 slightly 66 ,000 ,000 2 ,500 ,000 
rancid 
slightly 
rancid 
610 ,000 <10,000 
2 78,000 ,000 1,600 ,000 410,000 < 10,000 
3 13 ,000 ,000 1 ,600 ,000 s~:~~la 400 ,000 <10,000 
4 bitter, slightly 
rancid 33,000 ,000 1 , 100,000 rancid 1,140,000 <10,000 
5 rancid 19 ,000,000 400 ,000 rancid 740,000 <10,000 
6 slightly 
rancid 46,000,000 500 ,000 rancid 1,780,000 10 ,000 
7 malty, 
slightly 
rancid 18,000 ,000 100 ,000 rancid 2 ,260,000 <10 ,000 
8 4 ,000,000 200 ,000 cheesy 2,700,000 <10,000 
9 rancid 13 ,000 ,000 500,000 rancid 600 ,000 <10 ,000 
10 cheesy 119,000,000 3 ,700 ,000 chees1 6,000,000 500,000 11 unclean, slight y 
cheesy 63 ,000 ,000 6 ,000,000 rancid 11,700,000 4,600,000 
12 rancid 930 ,000 218,000 rancid 1,250,000 20,000 
13 slightly 
rancid 216,000 56,000 rancid 6,800,000 1 , 500,000 
14 very slight-
ly rancid 750 ,000 90,000 rancid 9,800,000 1,700,000 
15 very slight-
ly rancid 20 ,600,000 8 ,600,000 rancid 5,100 ,000 1,000,000 
16 366,000 64 ,000 350,000 10,000 
17 very' slight- slightly 
ly rancid 91,000 ,000 7 ,000 ,000 rancid 20,000 ,000 5,500 ,000 
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counts of both total and lipolytic bacteria at the first examina-
tion there were increases. 
The numbers of lipolytic bacteria present in the rancid sam-
ples at the first examination varied from 56,000 to 8,600,000 
per ml. and at the second examination from less than 10,000 
to 5.500,000 per ml. The 2 samples which were rancid at the 
first examination with less than 100,000 lipolytic bacteria per 
ml. increased in the numbers of these organisms, so that the 
low count!;> of these organisms at the time rancidity was first 
noted were presumably not the result of decreases in the num-
bers. It is possible that the rancidity was not due to the ac-
tion of bacteria alone but was influenced by lipase present in 
the original milk since the cream was not heated. The 2 sam-
ples which were cheesy at the first examination showed very 
high numbers of both total and lipolytic bacteria; 1 of these 
samples became rancid, while the other remained cheesy. 
The results indicate that when raw cream was churned and 
the butter held at a relatively low temperature, rancidity com-
monly developed. This is in agreement with the frequent de-
velopment of rancidity in butter churned on farms. Much of 
the rancid butter contained large numbers of lipolytic bacteria, 
although large numbers of these organisms were also present 
in butter not showing rancidity; when held for from 30 to 42 
days, there were often striking decreases in the numbers of 
total and lipolytic bacteria. In a few instances rancidity de-
veloped with comparatively small numbers of lipolytic bac-
teria, but lipase in the original milk may have been a factor in 
this. 
FRESH BUTTER OF GOOD QUALITY 
The numbers of total and lipolytic bacteria in fresh butter of 
good quality were studied with 24 lots that had been made for 
exhibition purposes and which, accordingly, were lightly 
salted; all the butter was churned from pasteurized cream 
and, presumably, had been held at from 0'0 to 10° C. for from 
1 to 2 weeks. The results obtained are presented in table III. 
The total numbers of bacteria ranged from 3,000 to 1,500,000 
per ml. , while the numbers of lipolytic bacteria varied from 
less than 1,000 (with 14 samples) to 40,000 per ml. Only 4 of 
the samples had more than 1,000,000 total bacteria per ml. and 
only 1 had more than 10,000 lipolytic bacteria per ml. For the 
10 samples in which lipolytic bacteria were detected, the per-
centages of the total bacteria that were lipolytic ranged from 
0.3 to 18.5 percent. 
The data show that in the fresh butter of good quality there 
were comparatively few lipolytic bacteria. 
UNSALTED, PASTEURIZED CREAM BUTTER HELD AT 0' C. FOR 
7 MONTHS 
The numbers of total and lipolytic bacteria in unsalted, pas-
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TABLE III. NUMBEltS OF TOTAL AND LIPOLYTIC BACTERIA IN FRESH 
BUTTER OF GOOD QUALITY 
Nile-blue sulfate medium 
Sample Score Numbers of bacteria per ml. Percentage of 
no. of lipolytic 
butter Total Lipolytic bacteria 
1 94.0 102,000 < 1 ,000 
2 93.0 130 ,000 < 1,000 
3 92.0 23,000 1 ,000 4.3 
4 93.0 580,000 <1,000 
5 94.25 1 ,500,000 4 , 000 0.3 
6 94.0 1,330,000 <1,000 
7 92.5 340,000 <1,000 
8 92.0 25,000 2,000 8.0 
9 92.0 158 ,000 4,000 2.5 
10 93.5 11,000 1,000 9.1 
11 93.0 12,000 <1,000 
12 93.5 12 ,000 <1 , 000 
13 91.0 20,000 <1,000 
14 93.0 10,000 1,000 10.0 
15 93.0 3 , 000 <1,000 
16 93.5 54,000 10 ,000 18.5 
17 93.0 77 ,000 2,000 2.6 
18 93.5 975,000 <1,000 
19 93.0 1,450,000 <1,000 
20 92.0 17 , 000 <1,000 
21 1,040,000 40,000 3.8 
22 42 , 000 <1,000 
23 11 .000 1 , 000 9.1 
24 10 , 000 <1.000 
teuri;r,ed cream butter held at 0° C. for 7 months were investi-
gated with 12 samples. The butter was prepared in a carelessly 
cleaned churn, in connection with studies on churn contamina-
tion, so that various types of organisms were undoubtedly 
added to the pasteurized cream. Table IV gives the results 
secured. 
The flavor defects indicate that the butter was of very inferior 
quality; all the samples were rancid and 2 were also cheesy. 
TABLE IV . NUMBERS OF TOTAL AND LIPOLYTIC BACTERIA IN UNf'!ALTED. 
PASTEURIZED CREAM BUTTER HELD AT 0° C. 
FOR7 MONTHS 
Nile-blue sulfate medium 
Pre-
Sample Flavor Numbers of bacteria per m!. Percentage dominant 
no. of of lipolytic lipolytic 
butter Total Lipolytic bacteria species 
1 rancid 600,000 10 , 000 1.7 Ps. frayi 
2 s;~o:c~r 45 ,000 , 000 1,000,000 2.2 Ps. frayi 
3 rancid 2,900,000 110,000 3.8 Ps. frayi 
4 rancid 12,000,000 430,000 3.6 Ps. frayi 
5 rancid 1,800,000 60 ,000 3.3 Ps. frayi 
6 B~~Onnc~r 135,000 ,000 12,000,000 8.9 Ps. frayi 
7 rancid 26,000,000 270,000 1.0 Ps. flourescens 
8 cheesy, Ps. jlourescens 
rancid 34 , 000,000 8 , 000,000 23.5 Ps. frayi 
9 strongly 
rancid 17,000 , 000 1,100,000 6.5 Ps. frayi 
10 cheesy, 
rancid 90,000 6,000 6.7 Ps. frayi 
11 rancid 22,000,000 30,000 0.1 Ps. frayi 
12 rancid 240,000 40,000 16.7 Ps. fra~i 
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The numbers of total bacteria varied from 90,000 to 135,000,000 
per ml., and the numbers of lipolytic bacteria from 6,000 to 
12,000,000 per ml. Seven of the samples had more than 
10,000,000 total bacteria per ml., and 4 had 1,000,000 or more 
lipolytic bacteria per ml. The percentages of the total bacteria 
that were lipolytic ranged from 0.1 to 23.5 percent, 10 of them 
being below 10.0 percent. The predominant lipolytic species 
was Pseudomonas tragi with 10 samples, Pseudomonas tluorescens 
with 1 sample and with 1 sample both of these types were present 
in relatively large numbers. 
The results show that when stored for a long period at 0° C. the 
butter made in a carelessly cleaned churn from pasteurized 
cream commonly developed rancidity. At the time of examina-
tion a number of the samples contained rather large numbers of 
lipolytic organisms, but some of them contained comparatively 
few; the small numbers may have been the result of the death of 
many of the organisms at one time present. Pseudomonas tragi 
was the lipolytic organism most frequently found in the butter. 
DEFECTIVE COMMERCIAL BUTTER FROM VARIOUS SOURCES 
Twenty-three miscellaneous lots of poor quality butter from 
commercial plants in Iowa and a few other states were exam-
ined for the numbers of total and lipolytic bacteria. 'Most of 
the samples contained less than 1.5 percent salt and were sev-
eral weeks old; presumably, all of them were made from pas-
teurized cream. The data obtained are recorded in table V. 
The flavor defects in the butter were of various types, with 
a number of the samples rancid. The numbers of total bacteria 
ranged from 3,000 to 42,500,000 per ml. , while the l1Umbel's of 
lipolytic bacteria varied from less than 100 to 900,000 per ml. 
Six of the samples had more than 1,000,000 total bacteria per 
ml. , and 4 had more than 100,000 lipolytic bacteria per ml. 
With the 16 samples in which lipolytic organisms were de-
tected, the percentages of the total bacteria that were lipolytic 
ranged from 0.3 to 50.0 percent ; 3 of the samples had less 
than 1.0 percent. 
The small numbers of total bacteria in many of the samples 
and the small numbers of lipolytic bacteria in most of the ran-
cid samples were presumably due to the death of large num-
bers of organisms. Some of the highest counts of lipolytic or-
ganisms were obtained on samples which were cheesy rather 
than rancid. One of the rancid samples contained lipolytic 
molds. 
The data indicate that in rather old butter showing various 
defects the numbers of total and lipolytic basteria were often 
comparatively small; presumably, this was due to a decrease 
in the numbers of organisms following an increase which was 
involved in the deterioration of the butter. 
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TABLE V. NUMBERS OF TOTAL AND LIPOLYTIC BACTERIA IN DEFECTIVE 
COMMERCIAL BUTTER FROM VARIOUS SOURCES 
Nile-blue sulfate medium 
Sample Source Flavor Numbers of bacteria per m!. Percentage 
no. of of of lipolytic 
butter butter Total Lipolytic bacteria 
1 la. suggests ran-
cidity 300,000 1,000 0.3 
2 la. slightly rancid 22,500 < 1 ,000 
3 la. oily 3,000 100 3.3 
4 la. oily 60,000 < 1 ,000 
5 la. rancid 150,000 <1,000 
6 III. Roquefort 20,000 < 1 ,000 
7 la. rancid 5,000,000 lipolytic molds 
8 la. Roquefort 42,500,000 500,000 1.2 
9 Wash. rancid 300,000 < 1 ,000 
10 Mont. stale, putre-
factive 96,000 4,000 4.2 
11 Tex. .tale, tallowy 420,000 3,000 0.7 
12 Tex. I!ltale, cheesy 2,700,000 300,000 11.1 
13 la. indefinite 2,000,000 30,000 1.5 
14 la. stale 520,000 60,000 11. 5 
15 la. yeasty 950,000 40,000 4.2 
16 la. slightly cheesy 5 , 000,000 40,000 0.8 
17 la. stale 36,000 3,000 8.3 
18 III. slightly rancid 650,000 150,000 23.1 
19 Ore. bitter, cheesy 10,900,000 900,000 8.3 
20 III. rancid 360,000 53,000 14.7 
21 Ia. rancid 180 ,000 90,000 50.0 
22 la. sligh tly rancid 3,000 <100 
23 la. rancid 77 ,000 2,000 2.6 
TOTAL NUMBERS OF BACTERIA IN UNSALTED BUTTER WHEN 
RANCIDITY WAS FIRST NOTED 
The total numbers of bacteria in unsalted butter when ran-
cidity was first noted were studied with 15 samples, 5 of 
which were made from raw, sweet cream while the other 10 
were prepared 'by churning sterile cream inoculated with a 
culture of a lipolytic organism; in preparing the 10 lots of but-
ter several species of bacteria were used. The butter was held 
at '21 0 C. in order to favor the growth .of the organisms, The 
results obtained are given in table VI. 
With each 9f the 5 samples of raw cream butter rancidity 
was definite in 8 days; the total numbers of bacteria at this 
time ranged from 18,000,000 to 78,000,000 per ml. . With the 10 
samples of butter made from sterilized cream inoculated with 
a lipolytic organism rancidity was evident in from 4 to 16 days, 
and the total numbers of bacteria then varied from 1,050,000 
to 97,000,000 per ml. Six of the 10 samples of butter contain-
ing only lipolytic bacteria had smaller numbers of organisms 
at the time rancidity was evident than any of the samples con-
taining the mixed flora from the raw cream. 
The results indicate that the total numbers of bacteria pres-
ent in butte'r when rancidity was first noted varIed greatly. 
Commonly the numbers were smaller with butter made from 
ster"ilized cream to' which a culture of a lipolytic organism had 
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TABLE VI. NUMBERS OF TOTAL BACTERIA IN UNSALTED BUTTER WHEN 
RANCIDITY WAS FIRST NOTED: HOLDING TEMPERATURE 21° C. 
Beef infusion agar 
Sample Age of sam- Numbers of total 
no. Cream churned pie in days bacteria per mi. 
1 sweet, raw cream 8 78,000 , 000 
2 sweet, raw ere-am 8 33,000,000 
3 sweet, raw cream 8 46 , 000,000 
4 sweet, raw cream 8 18,000,000 
5 sweet, raw cream 8 20,600,000 
6 sterile cream + culture 15 37,000,000 
7 eterile cream + culture 14 4,000,000 
8 eterile cream + culture 4 10,100,000 
9 sterile cream + culture 7 32,000,000 
10 sterile cream + culture 10 97,000,000 
11 sterile cream + cul ture 4 8,000,000 
12 sterile cream + culture 16 1,050,000 
13 sterile cream + culture 14 11,700 ,000 
14 sterile cream + culture 14 56,000,000 
15 sterile cream + culture 15 2 ,300,000 
Butter made frem sterilized cream without incculation showed no significant change with 
extended holding . 
been added than with butter churned from raw, sweet cream; 
the difference, however, was not statistically significant. The 
variations in the numbers of organisms present in the butter, 
churned from inoculated sterile cream, when rancidity was 
first noted suggest pronounced differences in the lipolytic abili-
ty of the organisms used. 
GROWTH OF LIPOLYTIC BACTERIA IN SURFACE AND 
SUBSURFACE PORTIONS OF UNSALTED BUTTER 
The growth of lipolytic bacteria in surface and subsurface 
portions of unsalted butter was investigated with 18 samples 
churned from cream that had been sterilized 'and then inocu-
lated with a lipolytic organism. The surface portion included 
the surface of the butter and material to a depth not greater 
than 0.5 inch, while the subsurface portion was taken from the 
material exposed when the surface portion was removed. In 
the various trials several species were used; some of the or-
ganisms had only slight lipolytic powers, as shown by nile-blue 
sulfate. The butter was held at 21 0 C. Table VII presents the 
data secured. 
The results show that the numbers of bacteria in the fresh 
butter ranged from 10,000 to 490,000 per ml. With the 16 sam~ 
pIes studied after 4 to 7 days, the numbers of bacteria in the 
surface portions varied from 70,000 to 138,000,000 per ml., 
while in the subsurface portions they varied from 10,000 to 
80,000,000 per ml., and were lower than the surface counts in 
14 instances and higher in 2. With the 8 samples examined 
after 10 to 20 days, the numbers of bacteria in the surface por-
tions ranged from 8,400,000 to 50,000,000 per ml., and in the 
subsurface portions from 140,000 to 55,000,000 per ml. The 
Sample 
no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
TABLE VII. GROWTH OF LIPOLYTIC BACTERIA IN SURFACE AND SUBSURFACE PORTIONS 
OF UNSALTED BUTTER HELD AT 21° C. 
Beef infusion agar 
Numbers of Second examination-4 to 7 days Third examination-l0 to 20 days 
bacteria 
Species inoculated per rol. in 
fresh butter 
Numbers of bacteria per m!. N umbers of bacteria per m!. 
Surface Subsurface Surface Subsurface 
A. lipolyticum 200,000 96,000,000 500,000 17 ,600,000 19,800,000 
A. lipolyticum 330,000 82,000,000 2,800,000 9,500,000 5,400,000 
A. lipolyticum 170,000 12,900,000 22,900,000 
A. lipolyticum 456 ,000 2,670,000 370,000 
Micrococcus 338,000 47,500,000 54,000,000 
Ps. acidiconcoquens 30,000 520,000 50,000 
Ps. acidiconcoquens 10,000 100,000 10,000 
Ps. jluorescens 10 ,000 42,000,000 2,600,000 22,300,000 55,000,000 
P s. fluorescens var. glycerolytica 23,000 70,000 10,000 8,400,000 140,000 
Ps. fluorescens var. glycerolytica 78 ,000 2,800,000 330,000 
P s. Iluorescens var. glycerolytica 230,000 32,200 ,000 11,700,000 
Ps. fluorescens var. glyeeroZytica 113 ,000 2,600,000 60,000 
Ps. fluorescens var. patula 10 ,000 101 ,000,000 13,500,000 10 , 100,000 600,000 
Ps. fluorescens var. zymogenes 490 ,000 8,000,000 1,500 ,000 50,000,000 6,000,000 
P s. fragi 23,000 54,000,000 56,000,000 
P8. fragi 154,000 138,000 ,000 80,000,000 
P8. schuylkilliensi8 70 ,000 23,100,000 15,000,000 
P8. schuylkilliensi8 80,000 14,000,000 3,750,000 
00 
c.n 
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numbers of bacteria in the surface portions were higher than in 
the subsurface portions in 5 of the 8 samples and lower in the 
remaining 3. In the 2 of the latter samples ·which were inves-
tigated at the second examination, there were large decreases 
from the second to th e third examination in the numbers of or-
ganisms at the surface and an increase in the numbers of or-
ganisms beneath the surface, so that the unusual relationship 
was probably due to the death of many organisms in the sur-
face portions. 
Most of the samples of butter became rancid, but a few of 
them did not; the failure of certain lipolytic organisms to pro-
duce rancidity in butter is in agreement with other data se-
cured at the Iowa Agricultural Experiment Station. Some of 
the cultures which did not cause rancidity produced other 
types of off-flavors, while some had little influence on the 
flavor of butter. The Micrococcus culture had little effect on 
t.he flavor of the butter even when the organisms were present 
in large numbers; it had only slight lipolytic powers, as shown 
by nile-blue sulfate. Various micrococci have been found to 
develop strikingly in butter without significantly influencing 
the flavor. 
The data show that various lipolytic bacteria commonly 
grow more rapidly at the surface of butter than in the deeper 
layers, although at certain periods the larger numbers of or-
ganisms may be in the deeper layers. 
CHANGES IN THE NUMBERS OF LIPOLYTIC ORGANISMS IN 
RANCID, UNSALTED BUTTER 
The changes in the numbers of lipolytic bacteria in rancid, 
unsalted· butter were studied with 11 samples, each of which 
was churned from sterile cream inoculated with a pure culture 
of an actively lipolytic organism ; several species were included 
in the 11 trials. The numbers of bacteria were determined in 
t.he fresh butter and again after various holding periods at 
21 0 C. At each examination, except the first, the butter waR 
also examined for rancidity. The data obtained are presented 
in table VIII. 
The numbers of bacteria in the fresh butter ranged from 
10,000 to 9,000,000 per ml. At the second examination (made 
after 4 days) all but one of the samples were rancid, and the 
numbers of bacteria ranged from 70,000 to 159,000,000 per ml. 
At the third examination (made after 7 to 10 days) all of the 9 
samples studied were rancid, and the numbers of bacteria 
ranged from 6,400,000 to 1,060,000,000 per ml. ; 4 of the 9 samples 
showed large decreases in the numbers of bacteria from the pre-
vious examination. At the final examination (usually made after 
from] 5 to 20 days ), rancidity was evident in each of the 10 sam-
ples investigated, and the numbers of bacteria ranged from 
TABLE VIII . CH ANGE S IN THE N UMBERS OF LIPOLYTIC BACTERIA IN RANCID, UNSALTED BUTTER HELD AT 21° C. 
Beef infusion agar 
-
----- .-.~~ 
Numbers of Second examinatio'n- Third examinaticn- Fourth examination-
Sample bacteria 4 days 7 to 10 days 15 to 20 days 
no. Species inocul ated per m!. in 
Numbers of fresh butter Flavor of Flavor of Numbers of Flavor of Numbers of 
but ter bacteria per rul. butter bacteria per ru1. butter bacteria per m!. 
~~--~~ ~----~~ 
1 A . li polyticum 200 , 000 rancid 96 ,000 ,000 very rancid 17,600,000 very rancid 2,400,000 
2 A . lipolyticum 330 , 000 rancid 82 ,000.000 very rancid 9 , 500 ,000 very rancid 4,200,000 
3 A . lipolyticu m 456 , 000 very rancid 2 ,670,000 very rancid 33,400 , 000 very rancid 5.500,000 
4 P s. / luorescens 9,000 , 000 159 ,000 , 000 very rancid 1 ,060,000,000 very rancid 135,000,000 
5 P s. f luorescens 10 ,000 rancid 42,000 , 000 very rancid 22 ,300,000 very rancid 11 , 400,000 
6 P s . f luorescens var. olycerolytica 23 ,000 rancid 70.000 rancid 6 ,400,000 very rancid 910,000 
7 P s. j luorescens v aT. ylycerolytica 7 ,800 , 000 rancid 2 ,800 , 000 rancid 1,360 ,000 
8 P s. fluorescens VaT. zymo{Jenes 490,000 rancid 8 ,000,000 rancid 50 ,200,000 rancid 2 , 510 ,000 
9 P 8. fragi 78 ,000 rancid 138 ,000 , 000 very rancid 23 , 000 , 000 
10 P a. mucidolens 1 , 000 ,000 rancid 20 ,000 , 000 rancid 11 , 600 ,000 
11 P s. mucidolens 7,800 , 000 rancid 35 ,800 ,000 very rancid 50,000,000 *very rancid 10.000 
*Held 3 mont hs. 
But ter made fr om sterilized cream without inoculation showed no significant change with extended holding. 
:x; 
-.l 
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10,000 to 135,000,000 per ml. With each sample there was a 
decrease in the number of organisms from the previous exami-
nation and commonly the decrease was very large. 
One of the samples was rancid at the second examination 
with less than 100,000 bacteria per ml. Later it showed larger 
numbers but compared with the other samples the counts were 
always low. In this instance rancidity with relatively few organ-
isms is on a somewhat different basis from that in the instances 
included in table II, since the butter was made from sterile 
cream and lipase present in the original milk was, accordingly, 
excluded. 
The data show that in butter churned from sterile cream in-
oculated with a pure culture of a lipolytic organism, there were 
pronounced decreases in the numbers of organisms following 
the increases that were presumably responsible for the ran-
cidity. 
SALT TOLERANCE OF SOME LIPOLYTIC BACTERIA 
The salt (NaCl) tolerance of lipolytic bacteria was studied 
with 23 cultures, which included 1 or more cultures of 9 spe-
cies or morphologic types, by inoculating them into bouillons 
containing various percentages of salt. The bouillons were 
prepared by adding each percentage of salt desired, in grams, 
to enough bouillon to equal 100 grams. The percentages used 
were equivalent to brine concentrations in butter of 0.8 to 2.9 
percent salt in 15.0 percent moisture. Growth was determined by 
the appearance of the bouillon cultures after inCUbating them 7 
days at 21 0 C. Table IX gives the results obtained. 
The data show that 19 of the 23 organisms grew in 5.0 per-
cent bouillon brine, 12 grew in 6.25 percent, 2 grew in 7.5 per-
cent, while 1 culture, which was a Micrococcus, grew in 12.0 per-
cent. The two cultures of micrococci used were the most salt 
tolerant. It is of interest to note that there was considerable 
variation in the salt tolerance of the cultures which were classi-
fied as Pseudomonas flu01'escens, while the three cultures classi-
fied as Ach1'omobacter lipolyticum were equally salt tolerant. 
From the results secured, it is evident that the lipolytic or-
ganisms vary widely in their salt tolerance and that there may 
be some variation with cultures classed as belonging to the 
same species. 
NUMBERS OF LIPOLYTIC BACTERIA IN RANCID, RAW MILK 
FROM INDIVIDUAL ANIMALS 
The milk from certain animals rather quickly develops ran-
cidity on standing, and this is commonly ascribed to an abnor-
mally high lipase content. An outbreak of rancidity in the 
cream supplied by a herd kept under very careful conditions 
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TABLE IX. SALT (NaCl) TOLERANCE OF SOME LIPOLYTIC BACTERIA 
Growth determined in bouillon containing salt* 
Species or 
morphologic type 
Concentration of NaC} in nutrient bouillon 
5.0% 6.25% 7.5% 8.75% 10% 12% 16% 
Growth Growth Growth Growth Growth Growth Growth 
_._-------------------------
A. connii 
A. lipolyticum 
A. lipolyticum 
A. lipolyticum 
Micrococcus 
Microccccus 
Ps. acidiconcoquens 
Ps. acidiconcoQuens 
Ps. fluorescens 
Ps. jluorescens 
Ps. fluorescens 
Ps. fluorescens 
Ps . fluorescens 
Ps./luorescens 
Ps. fluorescens var patu/a 
Ps. jluorescens vaL radians 
Ps. fluorescens vaT. zymo(Jenes 
Ps. frayi 
P •. frayi 
Ps. mucidolens 
Ps. schuylkilliensis 
P •. -.chuylkilliensis 
Ps. synxantha 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
*Cultures incubated for 7 days at 21° C. 
+ 
+ 
+ 
+ + 
+ + + + + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
afforded an opportunity to study the numbers of lipolytic or-
ganisms in such rancid milk. 
Samples of milk from most 'of the animals in the herd were 
collected, held at approximately 8° C. and then examined occa-
sionally for flavor. Twenty of the samples showing rancidity 
were studied for the numbers of total and lipolytic bacteria 
present. The data secured are given in table X. 
The numbers of total bacteria ranged from 76,000 to 
1,240,000,000 per ml., while the numbers of lipolytic bacteria 
varied from 10,000 to 48,000,000 per ml. Four of the samples 
had more than 100,000,000 total bacteria per ml. and 14 had 
more than 1,000,000 lipolytic bacteria per ml. ; high total counts 
would be expected from the time and temperature of holding. 
The percentages of the total bacteria that were lipolytic varied 
from 1.1 to 73.7 percent; 13 of the samples had more than 10.0 
percent. 
The numbers of lipolytic bacteria were also determined in 9 
samples of milk drawn aseptically from cows in the herd pro-
ducing the cream in which the outbreak of rancidity was en-
countered. The numbers of total bacteria ranged from less 
than 10 to 61,400 per ml., and none of the samples contained 
lipolytic bacteria in 1 ml. quantities, as shown by the nile-blue 
sulfate medium. 
The data indicate that the milk from individual animals 
which became rancid at a low temperature varied widely in the 
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TABLE X. NUMBERS OF TOTAL AND LIPOLYTIC BACTERIA IN RANCID, RAW 
MILK FROM INDIVIDUAL COWS 
Nile-blue sulfate medium 
Per-
Sample Age of Flavor Numbers of bacteria per ml. centage of 
no. sample of lipolytic 
in days sample Total Lipolytic bacteria 
1 6 rancid 18,500 ,000 1,050,000 5.7 
2 6 very rancid 5 ,000,000 1,220,000 24.4 
3 6 rancid 219,000 30,000 13.7 
4 6 rancid 54,500,000 8,800,000 16.1 
5 6 slightly rancid 910,000 10,000 l.1 
6 6 rancid 150,000 , 000 10,000 ,000 6 . 7 
7 6 rancid 1 ,320,000 124 ,000 9.4 
8 6 rancid 11 , 000 ,000 2 ,400 , 000 2l.8 
9 6 rancid 35 , 500 ,000 6,000 , 000 16.9 
10 6 very rancid 42 ,000 , 000 7,050,000 16.8 
11 6 very rancid 9,400,000 2 ,800 ,000 29 . 8 
12 6 slightly rancid 27 ,200 ,000 6,500,000 23.9 
13 7 rancid 35 ,400 ,000 8 ,900 , 000 25 . 1 
14 7 rancid 35 ,000 ,000 8 ,000 ,000 22.9 
15 7 rancid 1 , 240 ,000 ,000 17,000 , 000 l.4 
16 7 rancid 165, 000 ,000 19 , 000 ,000 1l. 5 
17 7 rancid 142 , 000 , 000 48 ,000 ,000 33.8 
18 2 rancid 9 ,500,000 160,000 l.7 
19 3 rancid 5 ,400 , 000 500,000 9 . 4 
20 2 very rancid 76 ,000 56 , 000 73 . 7 
numbers of lipolytic bacteria present, but that commonly the 
numbers were rather high. Although rancidity in r.aw milk 
and cream that has been held for some time is presumably often 
due to an abnormally high lipase content, it appears that lipo-
lytic bacteria should also be considered as a possible factor in 
certain instances. 
DISCUSSION 
From the data presented it is evident that lipolytic bacteria 
are common in various dairy products. The - importance of 
these organisms is indicated by the fact that unsalted butter 
made from raw cream commonly becomes rancid· when held at 
temperatures favorable for their growth. It seems probable 
that the organisms also influence the flavor of milk, cream and 
various other products under certain condit ions. In connec-
tion with butter made from raw cream and with unpasteurized 
milk, cr eam, etc., the lipase normally present in milk may be a 
factor in fat hydrolysis. The development of rancidity in but-
ter churned from sterile cream aft er the inoculation of certain 
of the lipolytic organisms shows very definitely that rancidity 
can be produced through the action of various species of or~ 
ganisms. 
It should be r ecognized that organisms vary widely in their 
lipolytic powers and that some of them may be active in the 
development of def ects other than rancidity. 
'rhe rapid decreases in the numbers of bact eria in rancid but-
ter are presumably due to the accumulation of the products of 
the growth of organisms. The lower fatty acids appear to be 
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of importance in this connection. Decreases in the numbers of 
organisms in various defective dairy products, following t.he 
increases that are responsible for the defects, are very common, 
however,' and are not limited to the defects that involve pri-
marily hydrolysis of the fat. 
SUMMARY 
1. Lipolytic bacteria were common in the raw, fresh milk 
and in the raw, sweet cream examined. The higher total bac-
terial counts on the cream than on the milk were, in general, 
accompanied by larger numbers of lipolytic bacteria. 
2. Rancidity commonly developed in butter churned from 
raw cream and held at 6° C. Frequently this butter contained 
rather large numbers of lipolytic bacteria; in two instances 
rancidity was evident in the butter with less than 100,000 lipo-
lytic bacteria per ml., but lipase in the original milk may have 
been a factor in this. With continued holding there were com-
monly pronounced decreases in the numbers of total and lipo-
lytic bacteria in the butter. 
3. There were comparatively few lipolytic bacteria in fresh 
butter of good quality made from pasteurized cream. 
4. Blltter made in a carelessly treated churn from pasteur-
ized cream commonly developed rancidity when stored for a 
long period at 0° C. When examined, some of the samples 
contained rather large numbers of lipolytic bacteria while 
others contained comparatively few; the small numbers may 
have resulted from the death of some of the organisms at one 
time present. 
5. In old commercial butter showing various defects the 
numbers of total and lipolytic bacteria varied widely, due pre-
sumably to the death of many organisms in certain cases. Some 
of the rancid butter contained very few lipolytic bacteria and 
the highest counts of lipolytic bacteria were secured on but-
ter that was cheesy rather than rancid. 
6. The numbers of total bacteria in buttel' when rancidity 
was first noted varied widely. In general, the numbers were 
smaller with butter made from sterilized cream to which a cul-
ture of a lipolytic organism had been added than with butter 
churned from raw, sweet cream. 
7. Various lipolytic bacteria commonly grew more rapidly 
at the surface of butt.er than in the deeper layers. In certain 
instances, however, the larger numbers of organisms were in 
the deeper layers; presumably, this was due to the deat.h of 
organisms in the surface portions. Some organism!> which 
shmved slight lipolyt.ic powers with nile-blue sulfate had little 
influence on t.he flavor of butter, alt.hough t.hey increased con-
spicuously in it. 
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8. In butter churned from sterile cream inoculated with a 
pure culture of a lipolytic organism, pronounced decreases in 
the numbers of organisms followed the increases that were pre-
sumably responsible for the development of rancidity. 
9. The lipolytic bacteria studied showed wide variations in 
their salt tolerance, as determined in bouillon, and some varia-
tion occurred with cultures classed as belonging to the same 
species. 
10. Milk from individual animals that became rancid when 
held at low temperatures varied widely in the numbers of lipo-
lytic bacteria present, but frequently the numbers were rather 
high. Although rancidity in such milk is presumably often 
due to an abnormally high lipase content, it appears that lipo-
lytic bacteria should be considered as a possible factor in cer-
tain instances. 
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